ABSTRAa. During the early months of life, gains in length and weight are more rapid by formula-fed than by breast-fed infants and we and others have speculated that the greater gains of the formula-fed infants are the result of greater food intake. If overfeeding during early infancy resulted in establishment of habits of overeating, or if, for any other reason, diet-induced fatness in infancy persisted into childhood, we might be able to demonstrate differences in fatness in childhood related to mode of feeding (breast or bottle) during infancy. We therefore examined at age 8 years 469 children born in 1966-1971 who had been studied intensely in our unit from 8 to 112 days of age. At age 8 years there were no differences in indices of fatness related to mode of feeding during infancy. Serum concentrations of cholesterol at age 8 years were also of interest because of reports from animal studies that differences in feeding during early life may be responsible for subsequent differences in cholesterol homeostasis. Cholesterol concentrations at age 8 years did not demonstrate significant differences related to mode of feeding during infancy. It is possible, however, that age 8 years is too early for an effect to be demonstrated. (Pediatr Res 18:1233-1238,1984)
and several other investigators cited by them failed to detect such a difference, the weight of evidence indicates greater rates of gain by formula-fed infants (23-25, 33, 38, 40) . If weight gain by breast-fed infants as a group is considered adequate or normal, a greater weight gain by formula-fed infants may be considered excessive. A probable explanation for the greater weight gain by formula-fed infants is a greater intake of energy and/or other nutrients by these infants than by breast-fed infants. The data of Hofvander et al. (22) appear to offer some support for the hypothesis that energy intakes are greater by formula-fed than by breast-fed infaqts, although weighing infants before and after feedings appears to be a quite crude method of determining intake (7, 41) .
On the basis of animal experiments (e.g. 2, 10, 26), it appears possible that excessive energy intake during infancy is somehow associated with greater fatness later in life. Human studies relating energy intake in infancy to later indices of fatness have not been reported, and it is difficult to imagine a completely satisfac-tory design for such a study. There are, however, a number of reports relating body size or gains in weight, weight for length, or skinfold thickness in infancy with fatness later in life. A number of these studies have been identified previously (8, 13 ).
Mellbin and Vuille (34-36), Hernesniemi et al. (21) , and Dine et al. (8) have demonstrated that significant "tracking" of relative weight is present between infancy and childhood, and Charney et al. (5) have demonstrated that significant tracking occurs between infancy and adulthood.
Whether indices of fatness in childhood or adulthood are appreciably influenced by mode of feeding (by breast or bottle) during infancy is uncertain. Dine et al. (8) reported no significant differences in indices of fatness during infancy or childhood to age 5 years in relation to mode of feeding during early infancy. However, the report is difficult to interpret because the eligibility criteria for the breast-fed and formula-fed groups are not given and the comparison of data for breast-fed and formula-fed groups was not camed out on a sex-specific basis. Marmot et al. (31) reported that body weight at age 32 years was significantly greater for 57 men who had been exclusively breast-fed during the first 5 months of life than for 20 men who had been bottle-fed during the first 5 months of life. No such difference was found in women of the same age (68 initially breast-fed, 27 initially bottle-fed). Socioeconomic differences between the groups were poorly defined.
Although several of the more important studies mentioned had not yet been reported in 197 1 when we decided to undertake our study, the general nature of the problem was already evident. We therefore decided to carry out a follow-up study as a test of the hypothesis that indices of fatness are greater in children who had been fed formula in infancy than in those who had been breast-fed. We identified a cohort of subjects whom we had studied between 8 and 112 days of age and examined them at age 8 years. The age of 8 years was selected because we wished to avoid the onset of the adolescent growth spurt.
In the pursuit of our main hypothesis, it was evident that we would also be able to determine the extent to which parameters of fatness at age 8 years are predictable from gain in weight between 8 and 112 days of age and from parameters of fatness at age 1 12 days.
A vexing problem in all studies comparing performance of breast-fed and formula-fed infants is the impossibility of random assignment of infants to feeding groups. Thus, with mothers selecting the mode of feeding, the environment and, perhaps, other intrinsic parameters may differ between the groups and serve as confounding factors. No design will eliminate this difficulty but we believed that in a university community the tendency toward higher socioeconomic and educational status of families of breast-fed infants (32) would be minimized.
In addition to the anthropometric phase of the study, we realized that it would be possible to determine the relation between type of feeding during early infancy and subsequent serum concentration of cholesterol. Studies of several animal species have shown that nutritional influences during early life can permanently alter varius aspects of cholesterol metabolism (see "Discussion"). Data concerning this possibility in humans are sparse and equivocal. Because we had determined serum cholesterol concentrations during infancy, we were also able to examine the relationship between serum cholesterol concentration in infancy and during childhood.
MATERIALS AND METHODS
The study cohort was defined at the outset to include subjects born between January 1, 1966 and December 3 1, 197 1 who had completed as planned the study between 8 and 112 days of age. All such infants were to be included except those fed formulas containing butterfat or differing appreciably in composition from commercially available formulas (one formula providing 133 kcal/dl, several formulas providing approximately 1.5 g protein/ 100 kcal or providing protein in the form of a protein hydrolysate). In drawing up our list of subjects we overlooked the fact that the formula, NAN (Nest16 Vevey, Switzerland), contained 80% of fat in the form of butterfat. Thirty other infants fed formulas containing butterfat were excluded. The initially identified study cohort therefore included 47 1 subjects, including 15 subjects fed NAN.
Through the efforts of two of the investigators (R. R. R and L. N. T.) all but two of the subjects were located. Of the two not located, one had been placed for adoption during infancy and, at the request of the mother, no attempt was made to locate the child. Of the 469 children located, none refused participation and all but four were examined within 61 days of the eighth birthday. The exceptions were four subjects who were examined 63,69, 148, and 214 days, respectively, after the eighth birthday. Thus, data concerning 465 children examined within 6 1 days of the eighth birthday were available for analysis.
In an attempt to achieve a reasonably homogeneous population of the initially formula-fed subjects, certain groups were excluded from analysis, including exclusion from results of anthropometric measurement of 33 female subjects who had been fed between 8 and 112 days of age formulas with relatively low (54 kcal/dl) or relatively high (100 kcal/dl) energy density (14) . There were therefore 156 children (73 males and 83 females) who had been breast-fed during infancy and 276 children (17 1 males and 105 females) who had been fed formulas during infancy. The energy density of the formulas fed during infancy was 67 kcal/dl.
Excluded from analysis of the serum cholesterol data were 15 females who had been fed NAN (80% of the fat from butterfat) and 15 males who had been fed a formula providing 40% of the fat in the form of medium-chain triglyceride oil. The data were excluded because during infancy serum cholesterol concentrations were greater in these infants than in infants fed formulas with vegetable oils. Thus, the subjects included for the analysis of serum cholesterol data were either breast-fed during infancy or were fed formulas with fat from vegetable oils.
We have previously presented detailed descriptions of the methods used in studying breast-fed (15, 18) and formula-fed (16) infants. Data concerning each of the breast-fed infants and many of the formula-fed infants included in the present study have been presented in the appendices of those reports. A number of the breast-fed infants received some formula, and some breastfed and some formula-fed infants received beikost (foods other than milk or formula). For breast-fed infants born after January 1, 1969, the quantities of such foods consumed have been reported (18) . Each infant was enrolled in the study between birth and 9 days of age and was measured within 2 days of ages 8, 14,28,42, and 56 days and within 4 days of ages 84 and 112 days. Lengths and weights of the infants were determined as described elsewhere (1 1).
Examination of the 8-year-old children was performed in the home or at another convenient location (school, church) in the presence of at least one parent. With few exceptions, examinations were performed by one investigator (R. R. R.) and most of the remaining examinations were made by individuals trained by this investigator. Weight of the 8-year-old children was determined with the children wearing undergarments. Measurements were recorded to the nearest 0.0 1 kg using a portable beam scale which was calibrated at 3-month intervals. Standing height and skinfold thickness at the triceps and subscapular sites were measured (with a Lange caliper) as described previously (12) . Selfreported information about the heights and weights of both parents was gathered for 400 of the 432 subjects, but it was not feasible to verify this information. If both the subject and the parent(s) agreed, a sample of venous blood (5 ml) was drawn from an antecubital vein. Blood was obtained without reference to the time of food consumption. The blood was allowed to clot and was then centrifuged by use of a portable hand-operated centrifuge; serum was harvested and was not refrigerated until it reached the laboratory up to 40 h later. In the laboratory, serum was kept refrigerated until analyzed, which occurred within 2 wk.
Until March 1969, determinations of serum cholesterol were performed manually using the method of Carr and Drekter (4) . Since that time, serum cholesterol has been determined by an automated (Technicon Auto-Analyzer I) modification of the method of Levine and Zak (28) . As discussed previously (18) , values obtained with the manual method were generally somewhat greater than those obtained with the automated method. Only values obtained with the automated method are included in this report.
Duplicate determinations of cholesterol with the two members of each pair determined on separate days were done with 18 1 serum samples between 1975 and 1979. The coefficient of variation for these duplicates was 7.6%. In this same period the coefficients of variation obtained with Versatol (General Diagnostics, Moms Plains, NJ), a commercially available lyophilized reference serum, was 6.5%.
The protocols for the infant studies and for the study of 8-year-old children were reviewed and approved by the University of Iowa Committee on Human Experimentation. The studies were discussed with one or both parents and with the 8-year-old children and written consent was obtained from the parents and the 8-year-old children.
Comparisons between breast-fed and formula-fed groups were performed by two-tailed t test unless otherwise noted. Other statistical analyses are indicated in the text.
RESULTS

Anthropometric findings.
Specific socioeconomic data about the families of the subjects were not accumulated and, in any case, would have been difficult to interpret because of the preponderance (55.7%) of student families. Comparison of the occupations of the fathers of the subjects (Table 1) suggests that the makeup of the two groups is generally similar except for the greater percentage of fathers of the breast-fed group (14.7%) than of the formula-fed group (4.4%) who were members of the university faculty.
As is generally the case with infants (3), males in our study were somewhat larger than females at birth and gained more rapidly in weight and length during early infancy (Table 2) . Both in males and in females, weight and weight/length2 at 112 days of age were significantly greater for formula-fed than for breastfed infants. Similar feeding-related differences existed for length at 112 days of age and for gains in weight and length, but the differences were statistically significant only for males (Table 2) .
Among the formula-fed males, gain in length was significantly (p < 0.0 1) greater by those fed soy-based than by those fed milkbased formulas (data not shown). This finding must be interpreted with caution because comparisons of larger groups of infants fed milk-based and soy-based formulas has shown growth to be similar (17) . There were no other significant differences in anthropometric parameters between infants fed soy-based and those fed milk-based formulas. Anthropometric data at age 8 years are summarized in Table  2 . There were no statistically significant differences, on a sexspecific basis, between subjects who had been breast-fed during infancy and those who had been fed formulas.
Simple Pearson correlation coefficients between parameters determined at age 8 years and those determined during infancy are presented in Table 3 . With few exceptions, the strongest correlations were between weight, height, and weight/height2 at age 8 years and the corresponding parameters at age 112 days. These correlations were statistically significant in each sexfeeding category. The correlations were weaker between weight and height at age 8 years and weight and length, respectively, at age 8 days. Surprisingly, correlations between weight and height at age 8 years and gain in weight and height, respectively, between 8 and 112 days of age were also relatively low. Correlation coefficients for formula-fed subjects were higher than corresponding coefficients for breast-fed subjects. The differences were substantial in a number of instances, although there were differences in the opposite direction also. In both feeding categories, correlation coefficients tended to be considerably lower in females than in males. Using a stepwise regression procedure as described in the SAS User's Guide (39), we determined the effect of four independent variables (birth weight, length at 8 days, midparental height, and midparental weight) on anthropometric parameters at age 8 years as dependent variables. These regressions were calculated on a sex-specific but not feeding-specific basis. For each dependent variable, those independent variables were identified which contributed significantly (F test, p < 0.05) in the stepwise regression model. We then used these independent variables as adjusters in the calculation of partial correlation coefficients and have presented these on a sex-specific and feeding-specific basis in Table  4 . The correlations concern the 400 subjects for whom selfreported heights and weights were obtained for both parents.
As may be seen from a comparison of Tables 3 and 4 , the partial correlation coefficients tended to be lower than the corresponding simple correlation coefficients. In some cases (e.g. height at age 8 years with length at age 1 12 days), the difference was quite large in all sex-feeding categories, whereas in other cases the difference was trivial; in some cases, the partial correlation coefficients were higher than the corresponding simple ones. As with the simple correlation coefficients, partial correlation coefficients tended to be less for breast-fed than for formulafed and for female than for male subjects. Serum concentrations of cholesterol. As previously mentioned, data on serum concentrations of cholesterol are restricted to determinations performed in March 1969 and subsequently. At each age during infancy, serum cholesterol concentrations of breast-fed infants were greater than those of formula-fed infants (analysis of variance, p < 0.01 for each sex), whereas at age 8 years serum cholesterol concentrations of children who had been breast-fed during infancy did not differ from those of children who had been fed formulas during infancy (Table 5 ). During Table 2 . Anthropometric parameters*
Males Females
Breast-fed Formula-fed Breast-fed Formula-fed Parameters during infancy Tables 2 and 3 . Each of the variables.used exerted a significant effect in the stepwise regression procedure (see text). Underlined values are significant at p < 0.05. Numbers of subjects are in parentheses.
infancy, males tended to have lower serum cholesterol concentrations than did females. At age 8 years, this tendency was less marked.
The relationship between average cholesterol concentrations during infancy and cholesterol concentrations at age 8 years was examined by calculating Pearson correlation coefficients. As may be seen from Table 6 , data for males demonstrated considerably higher correlation coefficients than data for females. The correlations were statistically significant ( p < 0.01) for formula-fed males only.
DISCUSSION
The quantity of milk consumed by an infant is the consequence of a complex interaction between the infant and the mother or other individual responsible for the feeding. Whether a woman feeds her infant by breast or bottle, the frequency of feeding will to a large extent be determined by her ability to interpret the signals from the infant and her willingness to respond to them. Once the feeding process has begun, a further interaction occurs between the infant and the mother, and in this interaction little is known about the extent to which the mother influences the quantity of milk or formula consumed by the infant. In seems likely that most mothers attempt to influence their infant's food consumption and that the influence, at least during the early months of life, is exerted in the direction of increasing rather than decreasing intake. Greater intakes may be perceived as beneficial to the health of the infant and, at the same time, advantageous for the mother. For example, the *Numbers of subjects are in parentheses. For each sex at each age during infancy, concentrations of cholesterol were significantly greater (p C 0.05) in the breast-fed than in the formula-fed group; at age 8 years, the differences were not significantly different.
t One-sided t test, breast-fed vs. formula-fed males; t = 1.52, p = 0.13. * Underlined values significant at p < 0.01. mother may reason that a larger intake at a feeding will permit a longer interval between feedings.
Although a mother's motivation to influence the infant's food consumption may be similar whether she feeds her infant by breast or bottle, we and others have speculated that the ability of the mother to influence food consumption is greater with bottle feeding. A difference in energy intake seems to us the most likely explanation for the greater weight gains of formula-fed than of breast-fed infants (1 6) . The greater fatness of formula-fed infants might persist into childhood either because habits of overeating had been established during infancy or because of other poorly defined nongenetic relationships between fatness in infancy and subsequently. We therefore wished to test the hypothesis that parameters of fatness at age 8 years would be greater in children who had been formula-fed during infancy than in those who had been breast-fed. The choice of age 8 years for the measurements was somewhat arbitrary but represented an age well beyond infancy and before the onset of the adolescent growth spurt. The data we obtained (Table 2) failed to provide support for the hypothesis. There was no suggestion that parameters of fatness were greater at age 8 years in chldren who had been formula-fed than in those who had been breast-fed.
In relating parameters measured during infancy to parameters measured in childhood, several investigators (9, 34-36) have focused their attention on the relationship between gain in weight during infancy and subsequent indices of fatness. In our study, the rate of gain in weight from 8 to 112 days of age generally demonstrated a relatively low correlation with weight or weight/ height2 at age 8 years.
Studies suggesting that nutritional factors operating during early infancy may influence response to an atherogenic diet during adulthood have been reviewed by several authors (1 3, 19, 37) . The more important bits of information are the following. 1) When rat pups were weaned prematurely (day 18) or normally (day 30), were fed rat chow until reaching adulthood, and then were challenged with an atherogenic diet, the prematurely weaned rats demonstrated higher serum concentrations of cholesterol (20) . This exaggerated response of the prematurely weaned pups to the atherogenic diet could be prevented by feeding a high-fat diet from weaning to adulthood. 2) Male guinea pigs fed a cholestyramine-containing diet from 1 to 7 weeks of age and subsequently challenged with an atherogenic diet fed from 13 to 17 weeks of age demonstrated lower serum concentrations of cholesterol than did controls similarly challenged. Adult animals that had been fed cholestyramine excreted more bile acids and had larger bile acid pools than did controls (29, 30) .
3) The responses of serum concentrations of high density lipoprotein cholesterol and apolipoprotein A-1 of juvenile (4-to 6-year-old) baboons challenged with a diet high in saturated fat or a diet high in polyunsaturated fat differed in relation to mode of feeding during infancy. Baboons that had been breast-fed during infancy demonstrated greater serum concentrations of high density lipoprotein cholesterol and apolipoprotein A-1 when challenged with the diet high in polyunsaturated fat whereas baboons fed any of several formulas during infancy demonstrated greater serum concentrations of these substances when challenged with the diet high in saturated fat (37) .
These animal studies all suggest that early nutritional management influences subsequent cholesterol homeostasis. Possibly the mechanism of the effect is in regulation of cholesterol catabolism, as suggested by Li et al. (29, 30) .
Human studies thus far have failed to demonstrate that dietary factors operating during infancy influence subsequent serum concentrations of cholesterol. Although Marmot et al. (31) reported greater serum concentrations of cholesterol in young women who had been formula-fed during infancy than in those who had been breast-fed, the number of subjects was small and the mean serum concentrations of cholesterol were surprisingly high (209 mg/dl for those who had been breast-fed and 229 mg/ dl for those who had been formula-fed). As summarized by several authors (13, 19, 37) , studies of children have failed to demonstrate that mode of feeding (breast or formula) during infancy influences subsequent serum concentrations of cholesterol. Our findings (Table 5) are therefore in agreement with findings of other investigators. However, childhood (age 10 years or younger) may be too early to demonstrate an effect (19) . It is, of course, possible that there may have been differences in cholesterol fractions as well as in concentrations of apolipoproteins, none of which would necessarily be reflected in serum total cholesterol concentration.
Serum concentrations of cholesterol at birth (cord blood), at 7 to 9 months of age, and at 14 to 19 months of age have been correlated by Andersen et al. (1) with concentrations at 3 to 4 years of age in 64 children. The correlation coefficient was not significant (r = -0.144) for cord serum but was significant for serum at 7 to 9 months of age (r = 0.450) and at 14 to 19 months of age (r = 0. 5 17) . Somewhat higher values have been reported by several groups of investigators for the correlations between serum concentrations of cholesterol determined at 7 to 14 years of age and those obtained 3 to 6 years later (6, 27, 42) . Our data appear to be the first to present correlations between values obtained during the early months of life and those obtained in school-age children. The observation that these values are sig-
